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j.xkme.2021.03.011Anti-CD19 chimeric antigen receptor (CAR) T-cell therapy is a newer and effective therapeutic option
approved for patients with relapsed/refractory acute lymphoblastic leukemia and diffuse large B-cell
lymphoma. Acute kidney injury is a complication of CAR T-cell therapy that can result in kidney failure. In
most cases, it is thought to be related to hemodynamic changes due to cytokine release syndrome.
Kidney biopsy in this clinical scenario is usually not performed. We report on a kidney transplant recipient
in his 40s who developed a posttransplant lymphoproliferative disorder of B-cell origin refractory to
conventional treatments and received anti-CD19 CAR T-cell therapy as compassionate treatment.
Beginning on day 12 after CAR T-cell infusion, in the absence of clinical symptoms, a progressive decline
in estimated glomerular filtration rate of the kidney graft occurred. A subsequent allograft biopsy showed
mild tubulointerstitial lymphocyte infiltrates, falling into a Banff borderline-changes category and resem-
bling an acute immunoallergic tubulointerstitial nephritis. Neither CAR T cells nor lymphomatous B cells
were detected within the graft cellular infiltrates, suggesting an indirect mechanism of kidney injury.
Although kidney graft function partially recovered after steroid therapy, the posttransplant lymphoproli-
ferative disorder progressed and the patient died 7 months later.© 2021 The Authors. Published by Elsevier Inc. on behalf of the National Kidney Foundation, Inc. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).INTRODUCTION
Posttransplant lymphoproliferative disorder represents a
rare but serious complication after organ transplantation.1
Treatment includes reduction or withdrawal of immuno-
suppression followed by rituximab with or without
chemotherapy.2,3 Transplant recipients who fail to respond
or relapse after conventional treatments have a poor
prognosis.4 Chimeric antigen receptor (CAR) T cells
directed against CD19 surface antigen represent a recent
type of autologous adoptive transfer cell therapy currently
approved for the treatment of relapsed/refractory diffuse
large B-cell lymphoma and other hematologic malig-
nancies.5-8 Apart from cytokine release syndrome and
neurotoxicity,9,10 other adverse events have been
described, including acute kidney injury (AKI) and elec-
trolyte level abnormalities.11 Recently, several solid-organ
transplant recipients treated with CAR T-cell therapy were
reported.12 We describe the case of a kidney transplant
recipient who developed severe AKI after CAR T-cell
therapy. A kidney biopsy was performed, helping clarify
the pathogenesis of this unique case.CASE REPORT
A kidney transplant recipient in his 40s was diagnosed
with monomorphic type B-cell posttransplant lympho-
proliferative disorder approximately 18 years after
transplantation; induction therapy included basiliximab.
He had a large abdominal mass and supraclavicularKidney Med Vol 3 | Iss 4 | July/August 2021lymphadenopathy but no additional organ involvement
was detected with staging positron emission tomography
computed tomography. He was classified with Ann Arbor
stage IVB disease, with an international prognostic score of
2. Histologic characterization of malignant cells showed
the following: CD20+, CD79+, CD10+, bcl6+, bcl2+,
p53+, c-myc+, CD3−, and CD5−. Additionally, Epstein-
Barr virus–encoded small RNA and human herpesvirus-8
were negative. Fluorescence in situ hybridization was
positive for BCL2 but negative for either BCL6 or c-MYC.
Ki67 expression was >80%.
Immunosuppression was reduced, with tacrolimus
switched to everolimus and mycophenolate mofetil dose
decreased to 50%. Four weekly infusions of rituximab
were administered. Due to disease progression, he subse-
quently received 3 cycles of R-CHOP (rituximab, cyclo-
phosphamide, doxorubicin hydrochloride, vincristine
sulfate, and prednisone) immunochemotherapy. Ever-
olimus was reduced to 50% and mycophenolate mofetil
therapy was discontinued. Due to disease persistence,
intensification treatment with 2 cycles of R-GDP (ritux-
imab, gemcitabine, dexamethasone, and cisplatin)
immunochemotherapy was administered and, with the
exception of 5 mg of prednisone daily, immunosuppres-
sion was discontinued. Autologous hematopoietic stem
cell transplantation consolidation was performed but
relapse was observed in positron emission tomography
computed tomography performed 3 months after autolo-
gous hematopoietic stem cell transplantation.665
Figure 1. (A) C-Reactive protein and (B) creatinine level evolution during follow-up. Abbreviation: CAR-T, chimeric antigen receptor
T-cell.
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patient received lymphodepletion chemotherapy with
intravenous fludarabine and intravenous cyclophospha-
mide for 3 days, followed by CAR T-cell therapy (tisa-
genlecleucel) infusion. The patient developed grade 3
neutropenia without significant acute complications.
Baseline creatinine level was 1.5 mg/dL. At day 12 after
CAR T-cell infusion, serum creatinine and C-reactive
protein levels began to increase, without relevant symp-
toms and without oliguria (Fig 1). Neither cytokine release
syndrome nor immune effector cell–associated neurotox-
icity syndrome were observed. All potentially nephrotoxic
drugs (omeprazole and acyclovir) were stopped. Protein-
uria was protein excretion of 0.4 g/d, and sediment
showed mild leukocyturia with no erythrocytes.
Myoglobin and creatine kinase levels were within the
normal range. Polymerase chain reaction for cytomegalo-
virus was negative. Doppler ultrasound showed a mild
increase in kidney echogenicity, with normal resistive in-
dex and no sign of obstruction. Calculated panel-reactive
antibody level at the time of biopsy was 39% for the
presence of alloantibodies against class II, without donor-
specific antibodies.
On day 21 after CAR T-cell therapy administration,
serum creatinine level had increased to 6 mg/dL and a
kidney biopsy was performed; C-reactive protein level was
43 mg/dL at that time. The biopsy showed interstitial
fibroedema with moderate mononuclear infiltrates and
patchy tubular injury with epithelial thinning, coarse666cytoplasmic vacuolization, and mild isolated tubulitis.
Arteriolar changes were prominent and demonstrated pe-
riodic acid–Schiff–positive hyaline deposits deep in muscle
layers. Glomeruli were unremarkable. C4d and immuno-
globulins were negative on direct immunofluorescence.
Immunohistochemical staining for simian virus 40 was
negative. Banff classification was compatible with
borderline changes not grading 1A acute cellular rejection
(Fig S1). The presumptive diagnosis was acute borderline
changes in the context of mild alloimmune rejection versus
acute immunoallergic interstitial nephritis.
We next aimed to characterize the origin of the lym-
phocytic infiltrate in the kidney biopsy. As shown in Fig 2,
lymphocytic infiltrate was comprised exclusively of CD3+
lymphocytes, with no CD19+ cells. RNA-scope, a tech-
nique used to evaluate the expression of the gene encoding
the engineered CAR, did not show evidence of CAR T-
cell–19 infiltration in the kidney. Aiming to reduce lym-
phocytic infiltrates but also preserve CAR T-cell function,
prednisone was initiated at a dose of 1 mg/kg per day.13
Kidney allograft function partially recovered, reaching a
nadir of 3.17 mg/dL after 60 days (Fig 2), whereas pro-
teinuria was unchanged. Prednisone dosage was progres-
sively tapered to 10 mg per day by 40 days after the kidney
biopsy. At 30 and 60 days following CAR T-cell therapy,
peripheral-blood CD19+ B-cell counts were undetectable.
The patient died approximately 3 years after the initial
posttransplant lymphoproliferative disorder diagnosis due
to progression of the malignancy.Kidney Med Vol 3 | Iss 4 | July/August 2021
Figure 2. (A) Absence of chimeric antigen receptor (CAR) T cells using RNA scope in situ hybridization. (B) Presence of CD3 cells
in kidney tissue. (C) Absence of CD19 cells.
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To our knowledge, this is the first report of a kidney bi-
opsy performed in a kidney transplant recipient treated
with anti-CD19 CAR T-cell therapy. The main acute
treatment-related toxicity was KDIGO (Kidney Disease:
Improving Global Outcomes) stage III AKI14 that partially
recovered with steroid therapy. AKI has been reported in
19% to 30% of patients undergoing CAR T-cell ther-
apy.12,15 The occurrence of AKI after CAR T-cell therapy is
thought to be functional, secondary to arterial hypotension
in the context of cytokine release syndrome. Nonetheless,
more severe AKI episodes are likely due to the persistence
of severe hemodynamic alterations leading to acute tubular
necrosis,16 but none of these studies provided data on the
histopathology of the kidney injury.
Recently, a study reported that among patients with B-
cell lymphoproliferative disorders and kidney lymphoma
infiltration, AKI was common.17 This observation raises
the concern that CAR T-cell therapy might damage the
kidney by recognizing kidney tissue–resident B cells. In
our case, we did not observe B-cell infiltration in the
kidney on a kidney biopsy performed 3 weeks after CAR T-
cell therapy infusion. Importantly, no CAR19 RNA was
detected, thereby excluding the presence of CAR T-cells in
the kidney allograft at the time of the kidney biopsy.
Findings observed in the graft histology could have been
promoted by a CAR T-cell–induced systemic inflammatory
status, thus explaining the resemblance to an acute
immunoallergic tubulointerstitial nephritis. Alternatively,
biopsy findings could reflect an alloimmune response
stimulated by cognate T cell with endogenous lymphocyte
inducing an acute cellular rejection. We decided to use
steroids to manage this complication, observing partial
recovery of graft function that was sufficient to prevent
dialysis therapy and potentially preserve CAR T-cellKidney Med Vol 3 | Iss 4 | July/August 2021function, as demonstrated by the absence of peripheral-
blood CD19+ cells.18 Although proton pump inhibitor
use has been associated with AKI in patients treated by
immune-checkpoint inhibitors19 through a second-hit
mechanism, no similar data have been reported with
CAR T-cell therapy, suggesting that proton pump inhibitor
use was not likely the cause of AKI.
In conclusion, although there was no evidence of
damage mediated by direct infiltration of CAR T-cells in
the kidney, our case suggests that this new therapy could
generate kidney graft failure through an indirect inflam-
matory and/or immune-mediated mechanism, stressing
the central role of the kidney biopsy to guide therapy.
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Figure S1. Hematoxylin and eosin stain of kidney tissue. Banff score
was compatible with borderline changes (g0, i1-2, ti1-2, i-IFTA1-2,
t1, v 0, ptc0, ah3, aah3, cg0, ci0, ct0, cv0, and mm0).
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